SUMMARY The prevalence of defects of visual acuity among the 10 year old children in the 1970 birth cohort was 22* 1%, but only in one third of these children was the defect more severe than 6/9. Defects were more common among girls. The relation of defects to social class was complex.
The National Health Service expends considerable resources on seeking and treating eye defects in children. Babies are screened for visual perception in order to identify those who are blind or partially sighted. Preschool children are screened for squint in order to institute early treatment which may prevent the development of amblyopia. Schoolchildren are screened principally to identify refractive errors because it is believed that such defects may interfere with a child's development, particularly in the educational field.
It is important to monitor the prevalence of visual defects in children for several reasons: firstly, to detect epidemics of conditions such as retrolental fibroplasia which may have a preventable aetiology; secondly, to be able to evaluate the efficacy of preventive programmes such as those for screening and treatment of squint; and, thirdly, to permit rational management of vision screening programmes in schoolchildren and of the diagnostic services that are required as a backup.
In this paper we present information on the prevalence of defects of visual acuity among the 10 year old children of the 1970 birth cohort. This data set comprises a representative sample of 13 000 children, similar to that of the 1958 cohort for which data on visual defects have already been published.1-The information presented will be of value to those who are attempting to rationalise school eye services and vision screening programmes for schoolchildren. It provides a useful guide for the evaluation of screening programmes for squint.
The data set is not appropriate for identifying changes in prevalence of serious but rare ophthalmic conditions in children, and this paper does not make any attempt to do this.
Methods
The Child Health and Education Study is the third of the British national birth cohort studies. It Gradations of visual acuity on the Sheridan-Gardiner chart are as follows: 6, 9, 12, 18, 24, 36, 60 , and worse than 60. These gradations correspond to those on the Snellen chart (6/6, 6/9, 6/12, 6/18, 6/36, 6/60, > 6/60) in that angle subtended at the eye by the letters in each line of the Snellen Chart at 20 m is approximately the same as that subtended by the letters in the corresponding line of the Sheridan-Gardiner chart at 10 in.
The medical examination included an assessment of signs of the onset of puberty, and the findings were recorded in the medical questionnaire.
Specific diagnostic information about the nature of any visual abnormality was requested for all children. This item has yielded useful information for children with severe defects (for example, cataracts), but the response was incomplete for children with milder defects; accurate diagnostic grouping of children with defects could therefore not be made. However, because some common eye conditions cause characteristic and moderately distinctive patterns of loss of visual acuity, we have identified different categories of defect, some of which can be related to specific diagnoses. These categories are: defects of distant vision and perfect near vision (isolated distant vision defects); defects of near vision and perfect distant vision (isolated near vision defects); defects of both near and distant vision (mixed defects).
Defects have been grouped according to their severity, and these groups have been labelled arbitrarily: minimal (6/9, 9); mild (6/12 6/18 12, 18); moderate (6/24 6/36 24, 36); and severe (6/60 < 6/60). Children with bilateral defects of varying severity have been categorised according to the level of defect in the better eye, and children with mixed defects have been classified according to the severity of their distant vision defect. Children who have Sarah Stewart-Brown and Neville Butler significant mixed defects in one eye (s 6/24) and a minimal defect (6/9 or 9) in the other have been categorised as having unilateral defects.
This classification was developed, firstly, in order to be able to identify children with minimal defects; secondly, to be able to calculate the number of children whose defects would not have been detected if they had undergone only distant vision screening; and, thirdly, to be able to pick out children with defects to which it is possible to attach a probable diagnosis.
The characteristic diagnosis among children with more than minimal defects of distant vision and perfect near vision is myopia. Although other types of defect may be included in these categories, the prevalence of myopia is so much greater than that of all these other defects put together2 that it is reasonable to use these categories as a proxy for myopia. In the same way, unilateral mixed defects, which are of more than minimal severity, can be used as a proxy for amblyopia. The latter categories are less good proxies than those which can be used for myopia since not only will children with conditions of other aetiology be included (for example, eye injuries) but amblyopes with a significant degree of hypermetropia or astigmatism in the good eye will be excluded. In the future, when the records of the children at birth and at age 5 have been linked to the ten year data, it will be possible to estimate accurately bias in the data set due to children who were not surveyed. At present it is possible to estimate bias only by comparing the group of children for whom we have visual acuity data with the entire group for whom we have health data. Data were obtained on a significantly higher proportion of children in the non manual classes, but the range is not great: 94-0%S, of social class I children falling to 90-50% of social class V children. As might have been anticiated, only a small Visual acuity in a national sample of 10 year old children proportion of ESN(S) children (29-5%) were able to complete the tests, but 91-7% of children classified ESN(M) managed to do so.
The median age at which children underwent vision screening was 10-3 years but the age distribution was positively skewed with a range of 9-9-11-7 years.
PREVALENCE OF VISUAL DEFECTS
Prevalence rates for this sample of 10 year old children are presented in table 1. Twenty-two per cent of all children had some defect of vision, but only 7-60/o had more than a minimal defect and 4*5% had such defects in both eyes. As few as 1 80% of children had an unaided visual acuity which was likely to cause them difficulty in reading the blackboard from the front of the classroom (6/24 or worse in both eyes).
SEX DIFFERENCES AND CHANGES ASSOCIATED WITH PUBERTY
Visual defects were more common in girls (23.3%/6) than in boys (20.9%). This was true for both children who had entered puberty and those who were prepubertal (table 2). For both sexes the prevalence of defects was between 1 and 2%/ higher in children who had entered puberty than in prepubertal children. This excess could be accounted for by defects characteristic of myopia (table 3) and is consistent with the clinical view that myopia commonly develops at puberty. The excess of defects among the prepubertal girls was not due to defects characteristic of myopia since the prevalence of the latter was the same in both sexes. These analyses suggest that visual defects were commoner in girls at 10 years of age, partly because of the earlier onset of puberty in girls with the concomitant development of myopia, and partly due to an excess of defects other than myopia which were present both before and after puberty. (Table 5) . Although identification of this condition is far from precise, these data suggest that there is unlikely to be a clinically significant association between social class and amblyopia. Defects characteristic of myopia were more common among children in social class I ( The prevalence of defects in this study is compared with prevalence rates published from the 1958 birth cohort3 in table 7. The latter were gathered in 1969 on children aged 11 years. The visual acuity data collected in the two studies are likely to be comparable as the methodologies were very similar. But in any comparisons which can be drawn between the two an allowance must be made for the one year difference in age and thus for the likelihood that a higher proportion of the 1958 cohort had entered puberty.
The overall prevalence of distant vision defects (both isolated distant vision defects and mixed defects) was very significantly lower in the CHES cohort (18.5%/6) than in the earlier study (22.80/,) (p < 0.00001). The prevalence of minimal defects was actually higher in the CHES cohort than in the earlier study; thus the overall reduction was due entirely to a decrease in more severe defects (12-9%/o in the NCDS cohort and 7 -30/o in the CHES cohort).
Most, but not all, of this difference was due to a difference in prevalence of isolated distant vision defects, which could have been accounted for by the development of myopia at puberty. However, there was also an intercohort difference in the prevalence of other defects: 6-80/ of children in the 1958 cohort had significant visual defects of the sort which could not be due to uncomplicated myopia, in contrast to 4 1%/o of children in the 1970 cohort (p < 0.001).
Three per cent of the 1958 cohort had significant unilateral mixed defects (proxy amblyopia) compared with only 2-00/u of the 1970 cohort. In the absence of evidence that conditions other than myopia commonly develop at the time of onset of puberty, our findings suggest that there has been a significant reduction in prevalence of the sort of visual defects that are likely to cause disability in children. Detailed ophthalmological investigation of 13 000 children can be undertaken only at very great expense, and in this survey precise measurements were not practicable. Nevertheless the study does provide information which should be of interest to specialists in community medicine responsible for child health services and to practising ophthalmologists.
For example, data have been presented on which referral rates from school screening programmes can be calculated. If all children with less than perfect visual acuity are referred after screening, provision must be made for one in five children to be seen in school eye clinics. If screening is undertaken annually and this referral level is used, one in five children will need to be seen every year. If children with defects of 6/12 or worse are referred, between in 10 and 1 in 20 of the school population will present for ophthalmological investigation. School screening programmes which do not include near vision screening will miss the 3 60/% of children who have isolated near vision defects. As the majority of these have only a minimal defect the omission may not be important.
Clearly, the optimal type of screening test and the optimal referral level must depend not just on the numbers of chldren who may be referred but also on the importance of the defect and the possibility of providing effective treatment. One recent study6 has been unable to show any disability associated with 6/9 vision, and in the absence of evidence that the condition is important it is a considerable waste of scarce resources to provide diagnostic services for the large number of children with this level of acuity. Imprecision of measurement is unlikely to have had a significant influence on the changes we have identified between 1969 and 1980. Visual acuity testing in schools has changed little over the period, and errors which were reported to be common in 19691 were still common in 1980. Because of this we can paradoxically have more confidence in the secular changes we have documented than in the precise estimates of defect prevalence.
The data presented permit calculations to be made on the yield from vision screening programmes of clinically significant defects. We have documented a fall in the prevalence of the latter of an early 50%. During this period the prevalence of minimal defects has increased. Thus the yield of clinically significant defects from the same screening programme would have been much higher in 1969 than it would have been in 1980. In another 10 years the cost effectiveness of the same programme may have reduced still further.
Screening programmes such as that for squint which are designed to prevent the development of visual impairment should produce a measurable change in the prevalence of that impairment. It is impossible without more precise diagnostic information to identify the cause or causes of the secular fall in visual defect prevalence that we have identified, but the results presented are quite compatible with a fall in prevalence of amblyopia. They provide some measure of the magnitude of effect which such screening programmes might be having and should give encouragement to those providing the programmes until more precise studies are undertaken.
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